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[57] ABSTRACT

A holding plate for a liquid crystal having an electrode
on the side contacting with the liquid crystal, character-
ized in that the plate is coated with a film comprising a
certain specific silane compound, which is to be incor-
porated into a liquid crystal indication apparatus and
assures a good homogeneous orientation of the mole-
cules of the liquid crystal at the initial stage (i.e. in a
non-excited state).

2 Claims, No Drawings




i
HOLDING PLATE FOR LIQUID CRYSTAL

The present invention relates to a holding plate for a
liquid crystal. More particularly, it relates to a holding
plate for a liquid crystal which is to be incorporated into
a liquid cyrstal indication apparatus and can assure a
good homogeneous orientation of the liquid crystal at
the initial stage (1.e. at the non-exciting state).

In hiquid crystal indication apparatuses utilizing the
modification of the orientation in the molecules of a
nematic or cholesteric liquid crystal caused by variation
of the intensities of electric field, magnetic field, heat or
the like, it 1s important to arrange said molecules in a
good homogeneous orientation state at the initial stage.

For realization of such good homogeneous orienta-
tion, there is known a method wherein a holding plate
for a liquid crystal i1s rubbed with a cotton cloth P.
Chatelaine: Bull. Soc. Fr. Mineral. Crystallogra., 66,
105 (1943). While this method is effective in aligning the
directions of the longitudinal axes of the liquid crystal
molecules which are distributed utterly randomly on a
plane into the rubbing direction, it 1s not effective in
directing the longitudinal axes of the liquid crystal mol-
ecules to a horizontal relation to the surtace of the hold-
ing plate. The ortentation of the liquid crystal molecules
depends largely and sensitively on the kind of the mate-
rial constituting the surface of the holding plate, and a
horizontally homogeneous orientation 1s, in general,
hardly obtainable. Especially, in the case of an azoxy
hquid crystal, it is impossible to make the horizontally
hiomogeneous orientation on a holding plate of glass by
the said rubbing method.

It has now been unexpectedly found that the applica-
tion of a certain specific silane compound onto the sur-
face of a holding plate which is to be contacted with a
liquid crystal makes it possible to arrange the molecules
of the liquid crystal in a good state of horizontally ho-
mogeneous orientation. The present invention is based
on this finding. |

According to the present invention, there 1s provided
a holding plate for a liquid crystal having an electrode
on the side contacting with the liquid crystal, character-
ized in that the plate is coated with a film comprising a
silane compound as defined below.

The silane compound which constitutes the coating
film on the surface of a holding plate according to the
present invention is a silane compound having an open
chain constituted with at least two carbon atoms and
bearing a silicon atom on one terminal carbon atom and
a silicon atom or a nitrogen atom on the other terminal
carbon atom, said silicon atom bearing at least one hy-
droxyl group and said nitrogen atom being the nitrogen
atom in an amino group. Thus, the silane compound has
the fundamental structure of either one of the following
formulae:

HO S i e e e (e (s s o e e Gy = O H
| | |
and
| | 1 H
HO-—-Si-—--—-——-——C-—-—C-——--———N:
| H

For the formation of the coating film of the silane
compound, the silane compound itself may be applied
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onto the surface of the holding plate. From the practical
viewpoint, however, a compound which can form the
silanﬁ compound 1n water (hereinafter referred to as

“precursor compound’’) 1s usually employed mstead of
such silane compound.

The precursor compound includes those as represent-
able by the formula:

T
Rg—Sli—Alk-'Sli—Rz
R3 R3

wherein R, Rz and Rj3 are each hydrogen, C1-Csg alkyl
(preferably methyl), C;-Cg alkoxy (preferably me-
thoxy) or halogen (preferably chlorine) but at least one
of them 1s C;-Cg alkoxy or halogen and Alk is C~Cyg
alkylene (preferably ethylene or trimethylene), and also
those as representable by the formula:

Ilil
Rg-—fl;i—Alk—NHI-X
Rj

wherein Ry, Ry, R3 and Alk are each as defined above
and X 1s C1~-Cg alkyl (preferably methyl, ethyl or pro-
pyl), C2-Cg alkenyl (preferably allyl), HoN-(C1-Cyg)al-
kyl (preferably aminoethyl or aminopropyl), C;-Cg
alkoxycarbonyl (C1-Cg)alkyl-NH-(C;-Cg)alky! (prefer-
ably methoxycarbonylmethylaminoethyl, methoxycar-
bonylmethylaminopropyl, ethoxycarbonylme-
thylaminoethyl, ethoxycarbonylmethylaminopropyl,
methoxycarbonylethylaminoethyl, methoxycarbonyle-
thylaminopropyl, ethoxycarbonylethylaminoethyl or
HoN—(CH>CH:;.-
n—, HoN—(CH,CH>CH3)p~—~, H—(NHCH;CH,.
n—or H—(NHCHCH>CH3),— (in which » is an inte-
ger of not more than 30, preferably of 1 to 20)

Specific examples of the precursor compound are as
follows:

(CH30)3Si(CH3)sNH(CH3),NH;;
(CH30)3S1(CH3)sNH(CH;); NHCH,COOCH3;;
CH30)351(CH,) NH(CH,CH,NH),,H;
CI3Si1(CH)sNH(CH?2), NHCH;COOCH 3;
Cl:S1(CHy)sNH(CH,CH,>NH),,H:
Cl3Si1(CH3)3NH(CH;);NHj;

Cl(CH3)Si1(CH3); NH(CH>)2NH;
(CH30)3Si(CH,),NHCH,CH = CH,, etc.

As a typical example of the procedure for formation
of the coating film, the precursor compound is dis-
solved into water to make a concentration of 0.001 to
0.1 % by weight (preferably of about 0.01 % by
weight), a plate made of glass having a transparent film
of electroconductive material (e.g. indium oxide) as an
electrode on the surface 1s dipped in the resulting solu-
tion and the plate in such solution is subjected to ultra-
sonic excitement, followed by taking out from the solu-
tion and drying.

When contacted with the thus coated surface of the
holding plate, the molecules of a liquid crystal are ar-
ranged with their longttudinal axes parallel to such
surface. Since, however, the directions of the longitudi-
nal axes of the molecules may not be well arranged
within a plane, it 1s preferable to orientate the molecule
arrangement in one direction by the said rubbing
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method, whereby a quite satisfactory horizontal homo-

geneous orientation can be surely achieved.

As the liquid crystal of which the molecules can be
well arranged by application of the present invention to
give a good horizontal homogeneous orientation, there 5

may be exemplified liquid crystals of Schiff bases, bi-
phenyl compounds, azoxy compounds, azo compounds,
esters, cholesterol derivatives, etc. Mixtures of these
liquid crystals or of these liquid crystals with optically
active substances are also examples of such liquid crys-
tals.

The holding plate of the present invention is advanta-
geously utilizable in any liquid crystal indication appa-
ratus which requires a horizontal homogeneous orienta-
tion at the initial stage. Thus, it may be applied to liquid
crystal indication apparatuses of twisted nematic elec-
tric field effect type, Fredericksz type (induced birefrin-
gence electric field effect type), cholestericnematic
phase transition type, dynamic scattering type, orienta-
tion fluctuation type, etc.

As stated above, the present invention makes it possi-
ble the arrangement of the liquid crystal molecules in a
horizontal homogeneous orientation. As the result, the
grade of indication such as uniformity of indication,
mtegrity of visual direction, stability of threshold value
in photoelectrlc effect and improvement of response
characteristics is enhanced.

For instance, the response characteristics of a liquid
crystal indication apparatus of twisted nematic electric
field effect type incorporated with a holding plate hav-
ing a coating film of the silane compound according to 30
the present invention are as shown in the following

~ table:
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coated Coated 35
Turn-on time 110 90 |
{msec)
Turn-off time 140 120
msec
( ) 40
Note:

Coating film was formed by the use nf N-(trimethoxysilylpropyl)-ethylene-diamine.
Thickness of liquid crystal layer, 10 um; Liquid crystal, biphenyl mixed hquld
crystal E-7 type manufactured by BDH; Voltage, 3 Vrms 32 Hz.

The reason why the coating film of the silane com-
pound attains the technical effect as explained above 1s
still not certain, but the following assumption may be
made: the precursor compound is dissolved to form the
silane compound having a silicon atom bearing a hy-
droxyl group at one terminal and a silicon atom bearing
a hydroxyl group or a nitrogen atom constituting an
amino group at the other terminal; the stlicon atom
bearing a hydroxyl group and the nitrogen atom consti-
tuting an amino group are fixed on the surface of the
holding plate whereby the molecule loses its freedom of
orientation; the longitudinal axes of the molecules of the 2>
silane compound are fixed in a plane and the liquid
crystal molecules are thus orientated 1n such plane.

A presently preferred embodiment of the invention is
illustratively shown below wnthout any limitation of the
scope of the invention.

N-(Trimethoxysilylpropyl)-ethylenediamine (herein-
after referred to as “SEA”) is dissolved in water to
make a concentration of 0.01 % by weight. Into the
resulting solution, a soda glass plate provided with a
transparent, electro-conductive film of indium oxide as
an electrode on the surface is dipped, and ultrasonic
excitement is effected. The glass plate is taken out from
the solution and dried to obtain a holding plate for
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liquid crystal on which the electrode is provided and
the silane compound originated from SEA is coated.

With respect to the holding plate subjected or not to
rubbing treatment and combined with a liquid crystal,
the quality of the horizontal homogeneous orientation is

observed. The results are shown in the following table
wherein O and X indicate respectively good quality and
not good quality and A indicates almost homogeneous
orientation (although of not good quality). |

- Plate
Subject to SEA

" Subject to

treatment and

' ‘rubbing treat- rubbing treat-
Liquid crystal ment ment
Methoxybenzyl- *- - 0 | 0
idene-n-butyl- - -
anijine
p-Cyanopentyl- X 0
biphenyl |
p-Methoxy-p- X 0
butoxyazo- |
benzene
Pentyl p-methoxy- A | 0
benzoate |

What is claimed is: |

1. A holding. plate for a llquld cyrstal whlch 18
adapted to arrange the molecules of the liquid crystal in
a substantially horizontal, homogeneous orientation,
said holding plate having an electrode provided on the
side thereof which contacts the liquid crystal, said hold-
ing plate being coated with a film consisting of a silane
compound formed by the application of an aqueous
solution of a precursor compound of the formula:

Rz-Sli—'-Alk-—-NH—*X |
Rz

wherein R, Ry, and ‘R3 are each CH3—, CH3;O~-,
C>HsO—, C3H70—, or halogen but at least one of them
is CH3—, CH30—, or C2HsO—, Alk is —CH,CHy—,
—CH;CH>;CH>—, —CH2CHCHCH—, or
—CH>CH,CH,CH>CH;—, and X is the residue of a
polyamine group consisting of —NH(CH3)>NHCH-
2COOCH3, —NH(CH3?)>—NHCH;COOC;Hs5
—NH(CH3);sNHCH;COOCH3,
—NH(CH);:NHCH>CH,;COOCH3;,
—NH(CH3);NHCH;CH,COOCH3,
—NH(CH;);NHCH;CH;COOC;H5,
—NH(CH2);NHCH2CH,CH,COOC;Hs, |
—NH(CH3CH;NH);H, or —NH(CH2CH,CH;NH);H,
wherein the precursor compound is dissolved into
water to make a concentration of 0.001 to 0.1% by
weight, said silane compound being disposed between
the electrode and the liquid crystal, the film consisting
of the silane compound being provided on the electrode
by dipping the holding plate in the aqueous solution,
drying the same, and subjecting the holding plate to
rubbing to orient the molecular arrangement of the
liquid crystal in one direction.

2. The holding plate as set forth in claim 1, wherein
the film consisting of the silane compound is provided
on the holding plate by subjecting the holding plate to
ultrasonic excitement after dipping the holding plate in
the aqueous solution and removing the holding plate

from the aqueous solution before drying the same.
* X% % %k X
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